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Iron deficiency is the commonest form of malnutrition worldwide, affecting 43% of the world's children, and is particularly common in Asia and Africa. In the UK, childhood iron deficiency anaemia has long been identified as an important issue in public health. The 1995 National Diet and Nutrition Survey indicated that 12% of children between 1 l and 2 1 years had a haemoglobin of less than 110 g/L; and in inner city areas with high levels of socioeconomic deprivation and large numbers of children from ethnic minority groups, the prevalence of childhood anaemia was much higher.
CAUSES OF IRON DEFICIENCY
A major aetiological factor in iron deficiency is early introduction of cow's milk, which is very low in iron content (0.6mg/L). From the age of about 4 months, children must obtain iron from exogenous sources and are at risk if not provided with additional dietary supplies. Infants fed on cow's milk from an early age rather than breast milk or iron-fortified formula, are at particular risk, as demonstrated in a study of infant feeding practices by Daly et al.l. Infants who had already been started on cow's milk before the age of 6 months were randomly allocated either to continue on cow's milk or to receive an iron fortified follow-on formula feed instead. At 2 years the prevalence of anaemia was 26% in the cow's milk group and zero in the formula-fed group.
Secondly, whilst health visitors, paediatricians and nutritionists recommend a healthy weaning diet consisting of home prepared iron rich foods, the reality is quite different. Not only do parents start weaning earlier than the recommended 4-6 months, but the foods that they choose are often of low iron content-biscuits, crisps, tinned spaghetti, chocolate buttons, sausage rolls and large quantities of cow's milk and cold tea. The reasons for such a poor diet include poverty and lack of access to cheap food, lack of cooking skills and equipment, and a chaotic home environment where there are no fixed mealtimes and snacks are taken continuously throughout the day. In Asian children in the UK additional factors may be a vegetarian tradition and the non-availability of commercial meat-containing weaning foods that adhere to halal principles of preparation.
Thirdly, even when the diet contains adequate iron, low bioavailability may limit the amount absorbed. Iron in food exists in two main forms haem iron in meat from haemoglobin and myoglobin, well absorbed; non-haem iron in cereals and vegetables, less well absorbed. Addition of meat to commercial baby foods will enhance the absorption of non-haem iron from vegetable and iron fortification sources2. Absorption may also be promoted by vitamin C in fruits and vegetables but inhibited by phytates in flours, by polyphenols in legumes and tannin in tea and coffee, and by calcium in milk and cheese.
Fourthly, whilst it has long been thought that there was no clear relation between the iron status of the mother in pregnancy and that of the fetus, newborn or infant, because of preferential transfer of iron from the mother to the fetus, new evidence from Spain has challenged this notion3. In a 1year prospective study of a cohort of neonates, the odds ratio for anaemia at 1 year of age was 6.57 if the mother had been anaemic in pregnancy, an effect that persisted after confounders such as socioeconomic status and feeding practices were controlled for.
EFFECTS OF IRON DEFICIENCY
Iron deficiency causes a diverse array of symptoms and signs including pallor, anorexia, fatigue, irritability, susceptibility to infection, stunted growth, delayed cognitive development and impaired school performance. The adverse effects on cognitive development have been the subject of considerable international research, lately reviewed by Lansdown and Wharton4. Severely iron-deficient rats show persistent behavioural and learning deficits, and there is evidence of altered neurotransmitter function and changes in structural lipids in the brain and peripheral nerves. However, in human beings proof of cause and effect in the relation between iron deficiency and developmental delay has been elusive. Although the association between anaemia and developmental deficits looks strong, it may be confounded by various environmental, nutritional and behavioural factors. Researchers infants aged 12-23 months. After 3 months of iron treatment developmental scores increased significantly in those whose anaemia had been corrected, though not to the level of non-anaemic controls. A five-year follow-up of these children showed evidence of long lasting developmental disadvantage in the previously anaemic children, who were half a standard deviation below a comparison group of children with no history of anaemia on a battery of cognitive tests7.
Aukett randomly assigned anaemic toddlers in Birmingham to receive either iron plus vitamin C or vitamin C alone for 3 months8. Virtually all children who received iron showed a substantial rise in haemoglobin whilst there was little change in the untreated group. Of the children who ceased to be anaemic, many more achieved the target of acquiring more than six new developmental skills on the Denver Developmental Screening Test, although the mean developmental scores in the two remained the same and some children who had an adequate rise in haemoglobin did not acquire six new skills.
Idjradinata conducted a randomized double-blind controlled trial of 4 months' oral iron or placebo in children aged 12-18 months in Indonesia9. Iron-sufficient infants showed higher initial scores than those who were anaemic. There was then a 19-point increase in mental score and a 23-point increase in motor score on the Bayley Developmental Scales in those who received iron therapy, while scores in the placebo group changed hardly at all. This study is widely proclaimed to confirm a causal link between iron deficiency and developmental delay. However, the numbers were small in each group, and the analysis was flawed by failure to compare the average change in scores of individuals in the iron group with the average change in individuals in the placebo group. Furthermore, we do not know from the data that the individuals who had an increase in scores were the same individuals who had an increase in haemoglobin.
IRON DEFICIENCY AND INFECTION
The data on the relation between iron deficiency and infection are conflicting. Since iron deprivation in bacterial cultures is associated with inhibition of bacterial growth, it has been suggested that iron deficiency may offer 'nutritional immunity' and be an important defence mechanism against infectionl0. Provision of iron supplements or even iron-rich food to anaemic individuals could thereby precipitate infection. On the other hand, iron deficiency impairs immune function and so increases the (due to reduced T lymphocyte proliferation) is the main effect, and macrophage and neutrophil function may also suffer. B cell function is not impaired in iron deficiency. Immunodepression, however, occurs only in iron deficiency severe enough to depress the haemoglobin to below 80 g/L.
Disentanglement of cause and effect in the relation between iron deficiency and infection is complicated by the effect of infection itself, which lowers haemoglobin, serum iron and transferrin and raises serum ferritin. The relation is further confounded by environmental and socioeconomic variables which themselves may predispose to both anaemia and infection. There are few clinical studies on whether pre-existing anaemia (and what level of anaemia) predisposes to infection and most are flawed by lack of adequate controls or full ascertainment of morbidity. Anaemic children are reported to have an excess incidence of gastroenteritis, respiratory infection and meningitis; but these children might be anaemic because of their repeated infections.
EFFECT OF IRON DEFICIENCY ON GROWTH
Anaemic children may be underweight and stunted in their growth12. Again, however, cause and effect is uncertain: there might be associated deficiencies of other nutrients, or the abnormalities might reflect the higher morbidity of irondeficient children. Aukett et al.8 showed that, when given iron, anaemic children in Birmingham gained weight more quickly. 75% of the iron-treated group increased their weight by 7 g/day or more (expected rate for age) compared with only 48% of the placebo group. This benefit may be due to alleviation of the irritability and anorexia associated with iron deficiency. Studies in Indonesia confirm that oral iron can increase the rate of growth, although some have speculated that the effect is primarily attributable to the decrease in morbidity that comes with better haematological status13.
POPULATION-BASED SCREENING FOR IRON DEFICIENCY ANAEMIA
The best way to tackle iron deficiency would be primary prevention, but little work has been done on the effectiveness of interventions to promote healthy feeding of infants under 1 year'4 results in the UK have been disappointingl5. The alternative strategy, of secondary prevention by screening for anaemia, has not been widely adopted, even in high-risk populations16. Part of the reason may be that iron deficiency does not neatly fit the 'screening model'17 with easy cut-off points for normality and abnormality. Furthermore, the natural history of anaemia is not known, so the best age at which to offer a screening blood test is unclear; thus screening may be offered at rconvenience' ages when the child attends for immunization risk of infectionl 1. Impairment of cell-mediated immunity or child health surveillance checks in the second year. A small scale local programme of anaemia screening has been in existence for 7 years as part of a general practice health promotion initiative in High Wycombe, Buckinghamshire, where 30% of the practice population are of Asian origin. Blood is taken by venepuncture from children at 14 months of age for haemoglobin and ferritin and for electrophoresis (for beta-thalassaemia trait). 29% of 116 Asian children had a haemoglobin of less than 1 10 g/L and were treated with oral iron according to Royal College of Paediatrics and Child Health guidelines18 along with dietary advice. Parents of children in this high-risk population found the blood test quite acceptable.
